Knowledge on performance of genotypes and interrelationships among traits is very important for sugarcane breeding programmes. The objectives of this study were to assess the phenotypic relationship among 49 sugarcane genotypes and the inter-relationships among traits considered. The cluster analysis demonstrated that the 49 sugarcane genotypes studied were clustered into nine groups and were highly different for Pol in juice, cane yield (tons ha ). The relationship among sugarcane genotypes was not dependent on geographic origin, suggesting that a high proportion of total genetic variation was retained within the groups of origin and active genetic ex-change was found between different origins. The principal component analysis indicated that cane yield, milleable stalk height and milleable stalk diameter were highly correlated with sugar yield while the correlation of quality traits with sugar yield was weak. In contrary, path and multiple regression analysis revealed that cane yield, recoverable sucrose percentage (%) and Pol contribute more to the variability of sugar yield; these are very important traits for high sugar yield that should be considered in sugarcane breeding programmes. Moreover, milleable stalk height and milleable stalk population via cane yield and Brix, Pol, purity and number of internodes via recoverable sucrose percentage had high indirect effects on sugar yield suggesting these traits should also be given consideration during selection for high sugar yield. Generally, similar and adequate information was generated following the use of cluster, principal component, linear discriminant, path coefficient and multiple regression analyses indicating the use of multivariate analyses was successful and results of the study were more substantial to give concrete recommendation.
INTRODUCTION
Sugarcane (Saccharum officinarum L.) is an important industrial crop and global major source of energy and is a major crop in most parts of tropical and subtropical regions (Khan et al., 2013) . The increasing multiple use *Corresponding author. E-mail: mebreftwi@gmail.com.
Author(s) agree that this article remains permanently open access under the terms of the Creative Commons Attribution License 4.0 International License of sugarcane necessitates a strong breeding program that generates gene pools that enables identification of sugarcane genotypes with multiple uses. Hence, to have successful genetic improvement of sugarcane genotypes for multiple purposes, efficient and diversified selection procedures have to be followed. Selection will be efficient if the procedures consider many traits simultaneously during evaluation of sugarcane genotypes. As the appropriate methods that provide accurate evaluations and estimation of genetic diversity depend on genetic variation, sampling methods, the magnitude of data sets, and the statistical tools applied in the data analysis (Mohammadi and Prasanna, 2003) , multivariate statistical analysis techniques like principal component analysis (PCA) and cluster analysis techniques are very important to study genetic diversity of sugarcane.
However, prior to starting selection, the genetic diversity among the genotypes need to be assessed using morphological and agronomic traits as the genetic diversity assessment is a basic tool to determine whether there could be enough genetic pool that enables generating desirable genes and genotypes. The information about the status of the genetic pool of a crop (introduction, existing commercial varieties and germplasm) using cluster and other analyses, determines the success of selection efficiency of breeding sugarcane (Malik et al., 2010) . The quantified gene pool could be used for future breeding purposes such as combination and introgression of genes (Mohammadi and Prasama, 2003) .
After the magnitude and pattern of existing genetic base of the crop determined for traits of interest, the most important thing most sugarcane breeding programs deserves to do is to follow efficient selection procedures that utilize both direct and indirect methods to improve quantitative traits. The method of path coefficients was first used for yield component analysis by Dewey and Lu (1959) , and subsequently has become a common method to examine breeding strategy in the 'whole variety' context. As yield is affected by numerous components and is a complex resultant character, the internal adjustments between components causes' increment in one component and causes decrement in the other, causing no change in resultant yield (Wen and Zhu, 2005) and causal pathways existed when independent variables are co-related (Kozak et al., 2007) .
Ong 'ala et al. (2016) recommended PCA and linear discriminant analysis to identify representative traits for phenotypic characterization of sugarcane, and thereby to select superior clones in the breeding process. During phenotypic evaluation of sugarcane clone, many traits are simultaneously evaluated, which are often genetically linked. It is costly to evaluate all the traits which probably may be interrelated and does not ensure optimal selection gains. Path coefficient analysis is one of the most important tool that enable breeders to handle both selection methods simultaneously (Sidwell et al., 1976) .
Moreover, it enables to have an insight in to the correlation of these effects with the actions of additive and non-additive genes that govern the traits of interest.
High sugar yield are obtained from cane yield and sucrose content (Terzi et al., 2009 ) and therefore cane yield and sucrose content and their interaction are important parameters for developing superior genotypes (Zhu et al., 2000; Chohan et al., 2007) . Several reports clarify about the relationship of cane yield components with cane yield and cane quality traits. For example, Ahmed et al. (2010) reported positive correlation between cane yield and its components (number of milleable stalks/m 2 , milleable stalk height internodes/stalk and single weight) but negative association with milleable stalk diameter, Pol in juice and purity. Similarly, Tyagi and Lai (2007) reported that the weight of milleable stalks contributed high direct effect on cane yield followed by milleable stalk, height, number and thickness. Ei-Shafi and Ismail (2006) reported to use multiple regressions model and reported that the main contributors for sugar yield were cane yield, sugar recovery percentage and milleable stalk diameter. Generally, the results of different studies showed discrepancies to the level of sugar yield and cane yield. This phenomenon necessitates successive studies to be conducted to determine the relationship and association of the traits to increase the efficiency of selection.
One of the major sugarcane production constraints in Ethiopia is the lack of high yielding and stable sugarcane varieties across sugar estates. Based on these problems, the Ethiopian Sugarcane Research Sector is introducing, collecting and recycling sugarcane materials to increase the genetic base and efficient use of gene pool of the crop. However, under Ethiopian sugarcane research conditions, the existing diversity among most of the materials is not assessed and selection strategies that help to increase the selection efficiencies of traits have not been well developed. Moreover, multivariate analysis that helps to develop efficient selection strategies have not been efficiently exploited. Therefore, the objectives of this study were to assess the magnitude of genetic divergence among sugarcane genotypes and to study the interrelationships among traits using multivariate techniques.
MATERIALS AND METHODS

Description of experimental materials
Forty-three sugarcane genotypes along with six commercial varieties were grown across Ethiopian Sugar Estates (Wonji, Metahara and Finchaa) and Projects (Tendaho and Belles) over two successive plant cane and first ratoon crops in 2013 to 2016 production years (Table 1) . Of which, 21, 3, 5, 7 and 7 genotypes were introduced from France, Philippines, Barbados, USA and Cuba, respectively. The rest 6 varieties were from commercial varieties which had been introduced into Ethiopia from India, South Africa and Barbados before 50 years and were included in this study for comparison purposes. Out of the introduced materials from France, those whose name starts with PG, are clones that 
Experimental design and layout
The experiment was implemented with partially balanced square lattice design and was repeated (replicated) three times. Plot size for a genotype per replication was 8.7 × 6 m (52.5 m 2 ) with four test rows and two guard rows. Moreover, the design contains 7 blocks per replication and each block had an area of 8.7 m (width) × 48 m (length) = 417.6 m 2 and the experimental area per location was 0.78 hectares. Each replication was defined as replication nested in each location because the replications were unique for location and each block was nested within both replications and location. At planting, 18 two budded sets were laid on a furrow with 5 m length and cane was harvested at 17 and 13 months cane age for plant cane and ratoon crops, respectively. All recommended agronomic and cultural practices were uniform to raise the crop across all the sugar estates.
Morphological and agronomic characteristics
Cane and cane yield components
Sprout percentage: The percentage of setts which sprout 45 days after planting was calculated as the numbers of setts sprouted divided by the numbers of setts planted per plot and multiplied by 100, while the number of tillers the (ha -1 ) per plot (from the central test rows) was counted 4 months after planting and was converted on hectare basis. For average numbers of internodes per stalk, milleable stalk diameter and stalk height (cm), 20 randomly selected milleable stalks per plot were considered and only the average values were reported. For estimation of cane yield (tons ha -1 m -1 ), all milleable stalks from the central four rows per plot were hand trashed to remove the leaves and hand topped at the natural breakpoint of sugarcane stalk. The milleable stalks were then weighted using digital scale balance to the weights per plot and was extrapolated to tons ha -1 m -1
Sugar yield and yield quality traits
Recoverable sucrose percentage refers to the total recoverable sugar percent in the cane and was calculated as recoverable sucrose percentage = [Pol% -(Brix -Pol%) 0.61] 0.75) as described by Berg (1972) , where 0.61 = non-sugar factor, representing the amount of sucrose lost in final process and 0.75 = cane factor, representing the correlation factor between theoretical yields of molasses mixed juice and primary juice for the same genotype and the same cut of cane determined by milling test. Pol and Brix in cane refers to Pol and Brix percentage in cane and were determined as Pol in juice × (100-(fiber%+5))/100 and Brix in juice × (100-(fiber%+3))/100, respectively. Moreover, sugar yield (ton/ha) was estimated as the product of cane yield per hectare and average estimated recoverable sucrose percentage, and was computed as sugar yield = [Cane Yield (t/ha) × Recoverable sucrose percentage] / 100. As the plant cane crops and ratoon crop were harvested at 17 and 14 months age of cane, respectively, data for cane and sugar yield were converted to t ha -1 m -1 (tons per hectares per month) to bring the crops types to the same productivity unit.
Statistical analysis
The data collected for each trait were subjected to combined analysis of variances (ANOVA) and using SAS program and data quality was checked to meet the assumptions of ANOVA and block effects were using SAS software package, 2009. Genotypic means were adjusted for the lack of orthogonality (intra or inter block) in the data depending on the relative magnitude of the block variance relative to the residual error as suggested by Federer et al. (2001) and the adjusted means were used for multivariate analyses. For cluster analysis, average linkage was obtained by specifying METHOD=AVERAG as adopted by Sokal and Michener (1958) , while Euclidean distance and linear discrimination analysis were computed using Minitab v. 17. Moreover, multiple regressions were analyzed using GENSTAT (Edition 13th), while the path coefficient analysis was done using the SAS software package (SAS, 2009) and SAS program of PROC MATRIX and PROCIML as suggested by Kang (1994) .
RESULTS AND DISCUSSION
The pooled analysis of variance (Table 2) showed that the variances for genotypes were highly significant (P<0.01) for all traits, suggesting there was an ample genetic variability among the genotypes. As the variability among genotypes was highly significant for all traits studied, conducting of multivariate analyses using these traits will be relevant to generate further analysis. ) were adjusted. The adjusted means of the traits studied were subjected to cluster, linear discriminant, principal component, path coefficient and multiple regression analyses (Table 3) .
Cluster analysis
Based on the adjusted means of 12 sugarcane traits presented in Table 3 , results of the cluster analysis indicated that the 49 sugarcane genotypes formed 10 distinct groups or clusters where 3 of the groups contained a single genotype (Table 4) . Starting from left to right of the Dendrogram (Figure 1 ), clusters number II comprised much of the genotypes studied (17 genotypes) followed by cluster V (8) and I (7). Cluster 1 consisted of 7 genotypes that have different origins but introduced from France. Cluster II consists of 17 genotypes (9, 36, 14, 29, 40, 13, 37, 23, 31, 42, 41, 44, 32, 13, 30, 43, 18, 45 and 48) which were a mixture of commercial varieties and introduced genotypes. It was also observed that most of the commercial varieties were grouped in one cluster except genotypes 24 and 49 form another separate group. Genotypes 7, 19 and 34 were ungrouped, suggesting these genotypes were outliers for lower or higher mean values of the traits studied.
Based on the grouping, the relationships observed Tables 1 and 3. among these genotypes had no any correspondence with the geographic origin (from where they were introduced). This suggested that the genotypes of different geographic origin had genetic similarity and genotypes of the same geographic origin had different genetic background, suggesting that a high proportion of total genetic variation was retained within the groups of origin and active genetic ex-change was found between different origins. This relationship suggests the introduction strategy was successful in terms of improving the base of the crop in Ethiopia and increases the chances of selection efficiency during parental selection in the future using the traits that contributed more to the existed phenotypic diversity. Similar results were also observed by Ram and Hemaprabha (1998) and Tahir et al. (2013) in which they found the progenies of a cross clustered independently of their parents. Hence, our introduction strategy was appropriate in terms of broadening the narrow genetic pool of sugarcane in Ethiopia.
Euclidean distances between clusters groups and contributions of variable (Traits) to diversity
Distances between clusters groups based on the Euclidean Distances statistic (Table 5) revealed that groups I, II, III, V, VI and IX had the highest distances to group X with a single genotype (34) suggesting the genotype was an outlier. Moreover, cluster group IX was more distanced from cluster groups II (7.016), III (7.461), IV (7.070), VI (7.651) and VIII (7.680); genotypes of each group had ample diversity and can be crossed with genotypes in groups IX. On the contrary, the smallest distance was observed between cluster groups I and VII, the diversity between the groups was narrow. Generally, the smallest and larger distances among cluster groups suggest high probability of getting divergent genotypes that are useful for crossing purposes.
A step wise discriminant analysis by minimizing the Wilk's criteria (Table 6 ) resulted in significant F-values for Pol%, cane yield, number of tillers; Purity% and milleable stalk population, suggesting that these traits contributed more to the discrimination among the groups.
Results of different studies demonstrate that the linear discrimination function is a usefully tool for screening and evaluating variation among sugarcane genotypes studied. Moreover, the step wise discrimination procedure provided in Table 6 indicated that Pol in juice, cane yield (t ha .24 and 49.23%, respectively; revealing these traits contribute more to the diversity which existed among the 49 sugarcane genotypes. This result was inconsistent with findings reported by Kang et al. (2013) in which Brix and juice contents contributed more to divergence among genotypes. It can be concluded that the 49 sugarcane genotypes were diversified for Pol in juice; cane yield (t ha ).
Principal component analysis
Biplot of principal component analysis based on correlation matrix is depicted in Figure 2 . It was sufficient enough to show correlation among variables considered. 58, 96 and 100% of the variation existed among the genotypes was explained by the first two, eight and ten principal components, respectively (Figure 2a) . The Biplot and loading plot ( Figure 2b ) were able to separate cane yield and its components (large PC2 score) from the quality traits (large PC1) highlighting characterization of genotypes in terms of traits would be possible using principal component analysis. As far as the relationships (correlation) existed among the traits is concerned, cane yield, milleable stalk height, diameter and sugar yield were characterized with large PCA2 score and were more correlated (angles among the specified traits were acute) which agreed with reports of Rewati and Joshi (2005) in which milleable stalk height and diameter were positively correlated with cane yield. Selection of sugarcane genotypes based on cane yield, milleable stalk height and diameter increased sugar yield which is consistent with the results reported by Khan et al. (2013) and Masri et al. (2015) . On the contrary, quality parameters such as purity%, pol in juice, Brix in juice and recoverable sucrose percentage were characterized with large PCA 1 and had small angles among themselves; indicating strong and positive correlation. Moreover, milleable stalk population and tiller number were characterized with small PCA score and were negatively correlated with cane yield and sugar yield which disagreed with the results of Punia et al. (1983) . Sprout percentage was positively correlated with milleable stalk population which was consistent with reports of Sahu et al. (2008) in which germination% showed a positive and significant correlation with number of millable canes.
Weak and positively correlation was observed between sugar yield Pol%, Purity%, Brix and numbers of internodes per single stalk. Furthermore, milleable stalk diameter made obtuse angle with numbers of internodes per stalk implying negative correlation disagreed with report of Kumar and Kumar (2014) . The inconsistencies of the results might be attributed to the nature of quantitative traits which are more affected by environment and sampling error. Generally, weak correlation existed between sugar yields and recoverable sucrose percentage which is not expected as recoverable sucrose percentage is the main component of sugar yield. Thus, additional analyses such as path coefficient analysis, which enable to compute indirect effects of secondary traits on dependent trait, should be used.
Results obtained from PCA analysis were supported by linear discriminant analysis in that Pol% and cane yield which contributed more to the total variability in the linear discriminant analysis had long vectors in the Biplot ( Figure 2a ) and loading plot (Figure 2b ), indicating these traits contributed more to the total variation explained by the first two dimensions. This suggests that the PCA and linear discriminate analysis were similar in identifying the traits which were dominant in explaining the existing variability among the genotypes. Moreover, these traits can be further used to discriminate cluster groups and are helpful for parent selection in sugarcane breeding programs as the variation existed among the genotypes was highly significant for these traits (Table 2) .
Path coefficient analysis
The gap in principal component or correlation analysis with respect to causal relationships among traits necessitates path coefficient analysis to be used in selection to utilize both direct and indirect relationships among traits (Kang, 2015) . Thus, the use of path coefficient analysis will be mandatory to increase the efficiency of our selection. The path coefficient analysis presented (Table 7) indicated that the highest positive direct effect on sugar yield was exerted by cane yield (1.028) followed by recoverable sucrose percentage (0.417) and Pol (0.016) which is consistent with report of Khan et al. (2013) . In the contrary, small negative direct effects on sugar yield were exerted by number of tillers, Brix, stalk diameter, milleable stalk population and numbers of internodes per stalk. Furthermore, milleable stalk height and milleable stalk population exerted indirect effect of 0.546 and 0.459, respectively via cane yield, while Brix% in juice, Pol% in juice, Purity% and number of internodes had indirect effects of 0.385, 0.378, 0.300 and 0.293, respectively via recoverable sucrose percentage. Hence, these traits should be given due consideration during selection for high sugar yield. This result was similar with reports of Khan et al. (2012) in which higher number of tillers, good weight, endowed with better available sugar in the cane (Pol%), commercial cane sugar (CCS)% and purity% were the important characters which should be considered in selection of higher sugar yield in sugarcane genotypes. Selection of sugarcane genotypes on the basis of cane yield and recoverable sucrose percentage (%) would be beneficial for increasing sugar yield in sugarcane. Our result was in agreement with report of Hussein et al. (2012) except for the effect of number of milleable stalks to sugar yield in our study was negative and negligible. Moreover, the coefficient of determination and the residual effect in this study were 0.990 and 0.061, respectively suggesting that most of the variability in sugar yield was best explained by the traits studied (causal factors) and the error was negligible and thus, no additional traits is necessary to be included in selection. Generally, the path coefficient analysis, in the present study was sufficient enough to increase the efficiency of selection. For example, the weak correlation between sugar yield and recoverable sucrose%, in the principal component analysis, was ruled out by path coefficient analysis in such a way that it was able to compute the direct effect of recoverable sucrose percentage (0.417) and its highest indirect effects via Brix% in juice (0.385), Pol% in juice (0.378) and Purity% (0.300).
Multiple linear regressions analysis
Although path coefficient analysis provides a picture of the pattern of association, it cannot construct a prediction equation for dependent variable using its components (El-Shafi and Ismail, 2006) Table 8 demonstrated that 99.5% of the variability is explained as R 2 and the rest 0.41% is attributed to unknown variation. Furthermore, the multiple linear regressions indicated that recoverable sucrose percentage and cane yield significantly contributed to sugar yield which is similar to the results reported by Hussein et al. (2012) in which recoverable sucrose percentage and stalk weight contributed more to sugar yield.
Conclusion
The multivariate analysis generates relevant information about the performance of the genotypes, relationship among genotypes and interrelationships among traits which is very important for sugarcane breeding programmes. The cluster analysis demonstrated that the 49 sugarcane genotypes studied were clustered into ten groups and were highly significantly different for Pol in juice, cane yield (t ha -1 m -1 ), number of tillers (ha -1 ), purity% and milleable stalk population (ha -1 ). The relationship existed among sugarcane genotypes studied was not related to their geographic origin, suggesting that a high proportion of total genetic variation was retained within the groups of origin and active genetic ex-change was found between different origins indicating that the introduction strategy was successful.
Generally, regarding with the interrelationships among the traits, more information was generated following the use of principal component, linear discriminant, path coefficient and multiple regression analyses indicating the use of multivariate analyses was successful. Path coefficient was unique in generating information about the indirect effects of traits on sugar yield which was very important to provide substantial information about indirect effects of traits that are very relevant to increase selection efficiency in sugarcane plant breeding programs.
